
Families’ Neighborhood Resources Predict Treatment
Response for Regulating Together, a Group Therapy

for Emotion Dysregulation in Autistic Youth

Walker S. McKinney, PhD,1,2 Lauren M. Schmitt, PhD,3,5 Jennifer R. Ruberg, LISW,6 Marika Coffman, PhD,7

Debra Reisinger, PhD,3,4 and Rebecca C. Shaffer, PsyD3,4

Abstract

Introduction: Autistic youth often face difficulties with emotion dysregulation (ED) and associated challenging behaviors.
The Regulating Together (RT) group therapy was developed to treat ED in autistic youth ages 8–18 years and has been
shown to be feasible, acceptable, and efficacious at reducing ED. Results from other clinical trials suggest the efficacy of
behavioral therapies may vary based on family- or neighborhood-level social determinants of health (SDOH: “the conditions
in the environments where people are born, live, learn, work, play, worship, and age that affect a wide range of health, func-
tioning, and quality-of-life outcomes and risks”; U.S. Department of Health and Human Services). The extent to which these
factors modify treatment response for RT is not known. This knowledge may help identify characteristics of treatment res-
ponders, inform implementation strategies to maximize real-world effectiveness, and guide decisions around treatment
assignment and dosing.
Methods: This is an exploratory, secondary analysis of our previously reported in-person (N = 37) and telehealth (N = 26) nonrandom-
ized trials of RT. Participants included 63 autistic youth (79.3% male; mean age = 12.8 years, SD = 2.9, range = 8–18) and caregivers.
ED and related constructs (e.g., cognitive inflexibility) were assessed at baseline, post-treatment, and 5- and 10-week follow-up visits.
Neighborhood-level SDOH were indexed using the Child Opportunity Index based on participants’ home addresses. Linear mixed-
effects models tested whether neighborhood opportunity moderated treatment response.
Results: Neighborhood opportunity was unrelated to baseline clinical characteristics. However, neighborhood opportunity
moderated treatment outcomes: reductions in irritability and emotional reactivity were greatest among families in neighborhoods
with fewer opportunities.
Discussion: Our finding of an amplified treatment response among families living in neighborhoods with fewer resources aligns with
results from clinical trials for disruptive behaviors and internalizing disorders in typically developing youth. Possible explanations for
this include families’ limited prior access to behavioral health services, secondary reductions in caregiver stress, or high satisfaction
with RT. These results challenge assumptions about diminished efficacy in low-resource settings and underscore the importance of
considering contextual factors in future trials to enhance real-world impact.
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Introduction

M ost autistic youth have difficulties with emotion dysregula-
tion (ED), or difficulties modulating the experience,

expression, and intensity of emotions in a contextually appropriate
manner (Eisenberg and Spinrad, 2004; Mayes et al., 2017;
Simonoff et al., 2008; Mazzone et al., 2012). In addition to chal-
lenging behaviors often resulting from ED (e.g., aggression, prop-
erty destruction, self-injury) (Samson et al., 2015), ED difficulties
in autistic individuals are associated with suicidal ideation
(Conner et al., 2020; Fayena et al., 2025), emergency service utili-
zation (Conner et al., 2021), and internalizing disorders (Pouw
et al., 2013; Rieffe et al., 2011), underscoring the acuity of these
concerns and the urgency surrounding treatment.

Our group and others have successfully leveraged the treatment
of underlying ED as an effective transdiagnostic approach to address
these behavioral concerns in typically developing and autistic youth
(Dudley et al., 2011; Lerner et al., 2012; Trosper et al., 2009; Sakiris
and Berle, 2019; Neacsiu et al., 2014; Coffman et al., 2024; Shaffer
et al., 2023; Shaffer et al., 2019). Briefly, we developed the Regulat-
ing Together (RT) program, an intensive outpatient group therapy
targeting ED for autistic youth ages 8–18 years of age (Shaffer
et al., 2023; Shaffer et al., 2019; McKinney et al., 2025). RT entails
separate, concurrent caregiver and child groups and leverages
evidence-based techniques drawing from parent management train-
ing, cognitive-behavioral therapy (CBT), and acceptance and com-
mitment therapy (ACT) to treat ED in autism spectrum disorder
(ASD). We have previously demonstrated strong feasibility, accept-
ability, and initial efficacy of the RT curriculum, including improve-
ments in autistic children’s emotional reactivity, irritability, and
cognitive flexibility (Shaffer et al., 2023; Shaffer et al., 2019). In
response to the COVID-19 pandemic, we also piloted a telehealth
adaptation of the original curriculum and demonstrated similar feasi-
bility, acceptability, and preliminary efficacy (Coffman et al., 2024).

As with many psychological treatments, it is not clear why a
subset of children respond more strongly to the RT program com-
pared to other children. Emerging work has identified social deter-
minants of health (SDOH; “the conditions in the environments
where people are born, live, learn, work, play, worship, and age
that affect a wide range of health, functioning, and quality-of-life
outcomes and risks” [US Department of Health and Human Serv-
ices, n.d.]) as potential modifiers of treatment outcomes for other
behavioral interventions outside of RT (Castro-Ramirez et al.,
2021; Firth et al., 2023; Gergov et al., 2024; Poots et al., 2014; San-
tiago et al., 2013). Neighborhood- and family-level SDOH (e.g.,
neighborhood economic factors, rurality, education, housing, health
care access) appear to moderate treatment response for these other
interventions, but the directionality of this effect is not consistent.
Several studies suggest behavioral treatment response is stronger in
those from lower-resourced neighborhoods, rural areas, or lower
socioeconomic backgrounds (Mennis et al., 2022; Mennis et al.,
2024; Davis et al., 2018). The mechanisms behind this pattern have
not been firmly established. Mennis and colleagues, for example,
propose that treatment response is amplified in rural families
because they may be more motivated to fully participate in treat-
ment due to a lack of other treatment options (Mennis et al., 2024).
Alternatively, in their meta-analysis of predictors of the efficacy of
parent training programs, Reyno and McGrath hypothesized that
secondary reductions in caregiver stress may drive a more robust
treatment response among economically disadvantaged families
participating in parent-management training programs (Reyno and

McGrath, 2006). In contrast, other studies have demonstrated that
neighborhood deprivation is associated with premature termination
of services (Poots et al., 2014), possibly due to families’ limited
trust in health care systems and providers stemming from historical
trauma and maltreatment (Castro-Ramirez et al., 2021). Premature
termination of services ultimately dampens treatment gains due to
insufficient dosing (Steinberg et al., 2019). Taken together, these
findings indicate that families experiencing adverse SDOH (e.g.,
economic hardship) may benefit more strongly from treatment so
long as they can access and remain enrolled in treatment. Studies
demonstrating significant associations between lower neighborhood
opportunity and greater externalizing difficulties in both typically
developing and autistic youth suggest this amplified treatment
response may be because these children have the most to gain from
treatment (Brown et al., 2024; Roy et al., 2014; Kohen et al.,
2008). Still, others have found that neither neighborhood-level
deprivation, socioeconomic status, nor distance from services is
associated with treatment outcomes (Antonacci et al., 2025; Len-
hard et al., 2018; Compton et al., 2014; Knight et al., 2014), sug-
gesting that behavioral treatments may similarly benefit youth from
low- and high-resourced neighborhoods. Ultimately, disparate find-
ings may also reflect heterogeneity in study samples, including age,
diagnosis, and treatment model, limiting definitive and direct com-
parison of these studies; contributors to differences in treatment
response are almost certainly multifactorial.

No study to our knowledge has examined the moderating effect
of neighborhood or family-level SDOH on treatment efficacy,
including RT, in autistic youth. Examination of neighborhood-
level SDOH is particularly valuable for informing contextual,
systems-level interventions (Gottlieb et al., 2018). Filling this
knowledge gap may also identify neighborhood contextual factors
to consider in effectiveness and implementation studies, enabling
better prediction of treatment response and potentially supporting
appropriate treatment assignment and dosing. The present explora-
tory, hypothesis-generating study is a secondary analysis of our
previously reported RT clinical trials (Coffman et al., 2024;
Shaffer et al., 2023; Schmitt et al., 2022), with a focus on the mod-
erating effect of neighborhood characteristics (i.e., SDOH) as
measured by the Child Opportunity Index (COI) (diversitydatakid-
s.org, 2024). Given previous findings demonstrating an enhanced
response to parent management training, a core component of RT,
among low-income caregivers of typically developing youth
(MacKenzie et al., 2004), we hypothesized that families living in
neighborhoods with fewer opportunities would demonstrate equiv-
alent or stronger treatment effects relative to families living in
neighborhoods with greater opportunities.

Methods

Participants

Sixty-three (N = 63) autistic participants (8–18 years of age) and
their caregivers participated in these nonrandomized, within-subjects
trials. Thirty-seven (37) participants completed the original in-
person study (Shaffer et al., 2023; Fig. 1A), and 26 participants com-
pleted the telehealth study (Coffman et al., 2024) (Fig. 1B). Both
participant samples represent convenience samples for the purpose
of this secondary analysis. Full demographic details are reported in
Table 1, and mean clinical scores for each timepoint are reported in
Table 2.

For both studies, families were recruited via direct referral from
our hospital outpatient clinics or via self-referral following
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advertisements sent by community partners (e.g., schools, local
autism agencies). Recruitment for the national telehealth study was
supplemented with flyers provided to outpatient autism clinics across
the country.

Inclusion criteria were as follows:

• Age 8–18 years
• Confirmed or previously documented diagnosis of ASD (see
below)

• Full-scale IQ > 65
• Primary spoken language of English
• Verbally fluent language (i.e., able to complete Module 3 or
4 of the ADOS-2) (Lord et al., 2012)

• Stable medication and behavioral therapies
• Scores ‡ 10 on the Irritability or Hyperactivity subscales of
the ABC-2

• One or more caregivers able to participate in treatment
• For the telehealth study: access to an internet connection
able to support videoconferencing

Exclusionary criteria included:

• Physical aggression toward another child (non-sibling) in the
past 2 weeks

Both studies were approved by the Cincinnati Children’s Hospi-
tal Medical Center Institutional Review Board. Adult participants,
parents, caregivers, or other legally authorized representatives pro-
vided written consent. Minor participants ages 11 and older pro-
vided their written assent.

Study design

This study reflects two nonrandomized clinical trials: our origi-
nal in-person within-subjects trial (Shaffer et al., 2023) and our tel-
ehealth within-subjects trial (Coffman et al., 2024). Both trials
entailed a screening visit, a 5-week control lead-in period (Base-
line; T1-T5), 5-week intervention (T5–T10), and follow-up assess-
ments occurring 5 weeks (T15; i.e., 15 weeks after baseline) and
10 weeks (T20; i.e., 20 weeks after baseline) after the end of treat-
ment. Of note, the nonrandomized, within-subjects design of both
trials limits definitive demonstration of causality relative to
randomized studies using a control condition (e.g., waitlist control,
active treatment control). This is particularly important for our
moderation analyses (see Statistical Analyses below), which dem-
onstrate statistical moderation (i.e., effect heterogeneity varying as
a function of neighborhood opportunity) rather than moderation of
causal effect.

FIG. 1. CONSORT diagrams for the in-person study (A) and telehealth study (B).
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Screening visits served to confirm ASD diagnostic status and
obtain medical and behavioral history. ASD diagnostic status was
confirmed using a newly administered ADOS-2 (Lord et al., 2012)
for the in-person study or via the review of results from the
ADOS-2 obtained within the past year for the telehealth study. IQ
was assessed using a newly administered Wechsler Abbreviated
Scale of Intelligence, Second Edition (WASI-II) (Wechsler, 2011)
for the in-person study or the review of cognitive testing results
obtained within the past year for the telehealth study. Caregivers
also completed the Vineland-3 (Sparrow et al., 2016) to provide
information on their child’s adaptive behaviors (the behaviors
used across environments to function independently).

Intervention protocol

Full study protocol details for the original in-person RT curricu-
lum (Shaffer et al., 2023) and adapted telehealth curriculum (Coff-
man et al., 2024) have been previously reported and are
summarized below. Briefly, RT is an intensive outpatient group
therapy targeting ED for youth with ASD ages 8–18 years of

age. RT is delivered to youth and their caregivers in separate concur-
rent group sessions. RT leverages evidence-based techniques draw-
ing from parent management training, Cognitive Behavioral
Therapy, and Acceptance and Commitment Therapy. A separate cur-
riculum has been designed for a Child group (8–12 years) and Teen
group (13–18 years). Both groups cover substantively identical foun-
dational material, although the Teen curriculum covers additional
material rooted in dialectical behavior therapy and teaches more
advanced cognitively-based emotion regulation strategies.

In-person RT

Both the Child (8–12 years of age) and Teen (13–18 years of
age) groups entailed concurrent child/teen and caregiver group ses-
sions occurring twice weekly for 90 minutes across 5 weeks (10
sessions) (Shaffer et al., 2023).

Telehealth adaptation of RT

The initial trial of RT (Shaffer et al., 2023) transitioned to tele-
health in response to the COVID-19 pandemic and was delivered

TABLE 1. CHILD DEMOGRAPHICS

Demographic variable Overall sample

In-person trial (Shaffer et al., 2023) Telehealth trial (Coffman et al., 2024)

Child
(8–12 years)

Teen
(13–18 years)

Child
(8–12 years)

Teen
(13–18 years)

Sample size N = 63 N = 20 N = 17 N = 12 N = 14
% male 79.3% (50) 85.0% (17) 88.2% (15) 58.3% (7) 78.6% (11)
Age (years) 12.8 (2.9) 10.3 (1.7) 14.9 (1.5) 10.5 (1.6) 15.5 (1.6)
Race

Asian–American/Pacific Islander 4.8% (3) 5.0% (1) 5.9% (1) 0% (0) 7.1% (1)
Black 3.2% (2) 0% 11.8% (2) 0% (0) 0%
Native American/Alaskan Native 1.6% (1) 0% 0% 8.3% (1) 0%
White 90.5% (57) 95.0% (19) 82.4% (14) 91.7% (11) 92.9% (13)

Ethnicity
Hispanic or Latino 7.9% (5) 10.0% (2) 11.8% (2) 8.3% (1) 0% (0)
Non-Hispanic or Latino 90.5% (57) 90.0% (18) 88.2% (15) 91.7% (11) 100% (14)

WASI-II
Full-Scale IQ 97 (19) 98 (18) 97 (19) 104 (18) 80 (19)
Verbal IQ 97 (19) 96 (17) 94 (21) 109 (20) 91 (13)
Nonverbal IQ 99 (16) 99 (18) 100 (16) 99 (7) 90 (29)

Vineland-3
Adaptive behavior composite 74 (9) 72 (10) 74 (8) 76 (12) 75 (6)
Communication 81 (13) 80 (17) 82 (13) 84 (16) 77 (6)
Daily living skills 78 (12) 73 (10) 77 (10) 77 (14) 84 (10)
Socialization 69 (12) 66 (13) 65 (12) 71 (16) 73 (9)

Total COI 67 (25) 67 (23) 65 (27) 63 (30) 73 (24)
Sessions attended 9.0 (1.3) 9.0 (1.6) 8.6 (1.5) 9.4 (0.8) 9.4 (0.8)

Values reported as M (SD) or % (N). % values reflect the percent within that sub-column (i.e., within that age group and modality).
COI, Child Opportunity Index; IQ, Intelligence quotient.

TABLE 2. MEAN CLINICAL SCORES BY TIMEPOINT

Measure Baseline Post-Treatment (T10) 5 week Follow-Up (T15) 10 week Follow-Up (T20)

EDI reactivity 0.22 -0.14 -0.22 -0.32
EDI dysphoria 0.19 -0.17 -0.12 -0.27
ABC irritability 16.85 13.78 12.35 10.66
BRIEF Emotion Regulation Index 76.89 71.52 69.66 69
Emotion regulation skills test (ERST) 9.84 11.57 11.71 11.78
Flexibility scale total score 44.43 37.64 38.73 36.51
Flexibility scale social flexibility 8.46 7.28 7.55 7.09
Flexibility scale transitions/changes 12.08 9.62 9.95 9.18
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from June 2020 through March 2021 (Coffman et al., 2024). The
Child curriculum (8–12 years of age) entailed: (1) live caregiver
group sessions occurring twice weekly for 80 minutes across 5
weeks (10 sessions), (2) children joining for the last 10–15 minutes
of each caregiver group to practice relaxation strategies and review
materials, and (3) asynchronous 35–60 minute videos (i.e., recorded
PowerPoint presentations) that children watched while their care-
givers facilitated completion of therapeutic activities. The Teen cur-
riculum (13–18 years of age) entailed: (1) live caregiver group
sessions occurring twice weekly for 60 minutes across 5 weeks (10
sessions), and (2) separate live teen’s group sessions meeting twice
weekly for 60 minutes across 5 weeks (10 sessions).

Outcomes

All outcomes below were completed following the 5-week con-
trol lead-in period (T5), immediately following the completion of
the intervention (T10), 5 weeks after treatment (T15; i.e., 15 weeks
after baseline) and 10 weeks after treatment (T20; i.e., 20 weeks
after baseline).

ED inventory

The Emotion Dysregulation Inventory (EDI) (Mazefsky et al.,
2018) is a caregiver-report measure of youth ED. The EDI Short
Form provides scores across two subscales: the Reactivity (EDI-
R) subscale measures poorly regulated emotional responses and
the Dysphoria (EDI-D) subscale measures limited positive emo-
tionality and motivation. Both subscales generate standardized
Theta scores (M = 0; SD = 1).

Aberrant behavior checklist

The Aberrant Behavior Checklist, Second Edition (ABC)
(Aman and Singh, 2017) is a caregiver-report measure of challeng-
ing behaviors in individuals with neurodevelopmental disabilities
including ASD. The ABC generates scores for five factor analysis-
derived subscales: Irritability, Social Withdrawal, Stereotypic
Behavior, Hyperactivity/Noncompliance, and Inappropriate
Speech. Only scores from the Irritability subscale were analyzed
due to our treatment’s focus on ED.

Emotion regulation skills test

We constructed the Emotion Regulation Skills Test (ERST) to
measure children’s acquired knowledge about ED management
skills taught as part of this study (Shaffer et al., 2023). The
ERST is a 14-item multiple-choice questionnaire on concepts
and skills taught as part of the RT curriculum. Correct scores are
coded as “1” and incorrect scores are coded as “0”. Possible
scores range from 0 (no items correct) to 14 (all items correct).
As items from the ERST represent distinct components of emo-
tional knowledge and skills across different treatment sessions,
we prioritized test-retest reliability as an indicator of measure-
ment stability rather than internal consistency. Test-retest reli-
ability (Screening vs. Baseline) was acceptable in this sample
(r [60] = 0.760, p < 0.001).

Behavioral rating inventory of executive functioning

The Behavioral Rating Inventory of Executive Functioning, 2nd
Edition (BRIEF-2) (Gioia et al., 2015) is a caregiver-report mea-
sure of executive functioning skills. T-Scores (M = 50, SD = 10)
are generated for several indices, including the Behavior

Regulation Index (BRI), Emotional Regulation Index (ERI), Cog-
nitive Regulation Index (CRI), and overall Global Executive Com-
posite (GEC). Only scores from the ERI were analyzed due to our
treatment’s focus on ED.

Flexibility scale

The Flexibility Scale (Strang et al., 2017) is a caregiver-report
measure of multiple facets of flexibility often affected in ASD,
captured across five subscales (Routines/Rituals, Transitions/
Change, Special Interests, Social Flexibility, and Generativity) and
a total score. Only total scores and scores from the Social Flexibil-
ity and Transitions/Change subscales were examined due to RT
content dedicated to cognitive flexibility.

Extracting SDOH information using the COI

Geocoding procedures are identical to those previously reported
by our group (McKinney et al., 2025). Participants’ home
addresses at the time of clinical evaluation were obtained either
from our hospital’s electronic health records or directly from
demographic forms completed by the participants. These addresses
were geocoded using the U.S. Census Geocoder tool (https://
geocoding.geo.census.gov/geocoder/) to identify the correspond-
ing 2010 census tract Federal Information Processing Standards
(FIPS) codes. 2010 FIPS codes (as opposed to 2020 FIPS codes)
were used as both studies were conducted before completion of
the 2020 U.S. Census.

Census tract FIPS codes for participant addresses were linked
to the COI 3.0 (diversitydatakids.org, 2024). The COI is a publicly
available dataset providing standardized information about neigh-
borhood characteristics related to health outcomes (i.e., SDOH).
The COI 3.0 generates an overall composite score (“total neigh-
borhood opportunity”). Component indicators loading onto this
total score are weighted based off the strength of their correlation
with socioeconomic and health outcomes. COI outcomes are rank-
ordered percentiles ranging from 1 (least amount of opportunity)
to 100 (most amount of opportunity). Because our telehealth data
encompasses patients living across the United States, we used the
nationally ranked COI. To minimize the number of analyses and
reduce the risk of Type I error, we only examined the overall/com-
posite COI ranking.

Statistical analyses

Four sets of analyses were run. Dependent variables for all anal-
yses were the EDI-R theta score, EDI-D theta score, ABC Irritabil-
ity subscale score, BRIEF Emotion Regulation Index, ERST total
score, and Flexibility Scale scores (Total score, Social Flexibility
subscale score, Transitions/Change subscale score). These depend-
ent variables reflect original scores, not change scores, as change
is modeled in all analyses by including timepoint as a fixed effect.
Participant/subject was the random intercept in all mixed effects
models. Mixed effects models were used for our moderation analy-
ses as they avoid the listwise exclusion of participants with miss-
ing data. Sex and age were included as covariates in all analyses.

First, we examined whether baseline demographic and clinical
characteristic were significantly different between the in-person and
telehealth study samples as well as the child and teen groups. We
used linear regression for continuous dependent variables (age, IQ,
adaptive behaviors, sessions attended, COI, clinical outcome meas-
ures) with the following full model equations: (1) dependent_vari-
able * modality or (2) dependent_variable * timepoint. We also
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used a chi-square test to determine if both modalities and both age
groups had similar distributions of males and females. We also
assessed whether the number of treatment sessions attended was
related to neighborhood opportunity (COI) using the following full
model equation: sessions_attended* COI + sex + age.

Second, to determine if the separate in-person and telehealth study
samples as well as the separate child and teen groups could be com-
bined for our moderation analyses, we assessed whether treatment
response varied as a function of treatment modality (timepoint*
modality interaction) or age group (timepoint*age group interaction).
A series of linear mixed effects models were used with the following
full model equation: dependent_variable * modality:timepoint +
age_group:timepoint + modality + age_group + timepoint + sex +
age + sessions_attended + (1jparticipant).

Third, we examined whether baseline clinical characteristics
were related to neighborhood opportunity (COI) to determine if
clinical severity before treatment varied as a function of neighbor-
hood opportunity, as has previously been reported (Roy et al.,
2014; Moren-Cross et al., 2006). We used linear regression for
this analysis of baseline-only data with the following full model
equation: dependent_variable* sex + age + COI.

Our last set of analyses, the focus of this article, examined the
degree to which neighborhood opportunity moderated treatment
response. As the first set of analyses demonstrated comparable
efficacy between the in-person and telehealth studies as well as the
child and teen groups, we combined both modalities and age
groups for this analysis to maximize model parsimony and mini-
mize overparameterization of our models, in keeping with best
practice (Bates et al., 2018). We used linear mixed effects models
for these analyses with the following full model equation: depend-
ent_variable * COI*timepoint + COI + timepoint + sex + age +
sessions_attended + (1jparticipant).

Semi-partial R2 values were calculated using methods from
Nakagawa and Schielzeth (Nakagawa and Schielzeth, 2013) using
the r2glmm R package (Jaeger, 2017). Standardized regression
coefficients and 95% confidence intervals (Table 3) were calcu-
lated using the effectsize R package (Ben-Shachar et al., 2020).
For data visualization and interpretation purposes and to capture
long-term maintenance of gains, clinical improvement is depicted
in figures as the difference between scores at 10-week follow-up
and baseline. As this was a secondary analysis of previously col-
lected pilot data (Coffman et al., 2024; Shaffer et al., 2023), an
a priori power analysis was not conducted for this study nor the
original pilot studies. Similarly, as this was an exploratory,
hypothesis-generating study, we did not correct for multiple com-
parisons and instead limited number of analyses run by only exam-
ining the total COI score (i.e., no COI subscales). An alpha level
of .05 was used for all analyses.

All statistical analyses were conducted using R version 4.3.1
(Team RC, 2023). Linear mixed effects models were constructed
using the lme4 R package (Bates et al., 2015). All data were
visualized using the ggplot2R package (Wickham, 2016).

Results

Descriptive characteristics

For the in-person study, 51 participants were screened for eligi-
bility, 44 were enrolled, and 37 had at least one follow-up data
point. For the in-person study, 20 participants were in the Child
group and 17 participants were in the Teen group.

For the telehealth study, 31 participants were screened for eligi-
bility, 28 were enrolled, and 26 had at least one follow-up data
point. For the telehealth study, 12 participants were in the Child
group and 14 participants were in the Teen group (Fig. 1).

The telehealth and in-person groups did not significantly differ
on age (F[1,61] = 1.244, p = 0.269), sex (X2[1] = 1.823, p = 0.177),
full-scale IQ (F[1,51] = 0.003, p = 0.954), overall adaptive behav-
iors (F[1,49] = 1.068, p = 0.307), number of sessions attended
(F[1,61] = 3.710, p = 0.059), or overall neighborhood opportunity
(F[1,61] = 0.088, p = 0.768). The two groups also did not signifi-
cantly differ on any baseline clinical characteristics, including the
EDI-R (F[1,61] = 0.491, p = 0.486), EDI-D (F[1,60] = 0.286, p =
0.595), ABC Irritability subscale (F[1,60] = 0.319, p = 0.574),
BRIEF Emotion Regulation Index (F[1,60] = 0.803, p = 0.374),
ERST (F[1,60] = 1.202, p = 0.277), Flexibility Scale total score
(F[1,59] = 0.078, p = 0.782), Flexibility Scale Social Flexibility sub-
scale (F[1,61] = 0.310, p = 0.580), and Flexibility Scale Transitions/
Change subscale (F[1,61] = 0.050, p = 0.824).

The child and teen groups sex did not significantly differ on sex
(X2[1] = 0.312, p = 0.577), full-scale IQ (F[1,51] = 1.924, p =

TABLE 3. REGRESSION OUTPUT FOR COI MODERATORS

Model
Standardized coefficient

[95% CI] p

EDI-R
COI x Timepoint T10 0.18 [-0.02, 0.39] 0.083
COI x Timepoint T15 0.24 [ 0.03, 0.45] 0.023
COI x Timepoint T20 0.29 [ 0.08, 0.51] 0.008

EDI-D
COI x Timepoint T10 0.10 [-0.12, 0.32] 0.382
COI x Timepoint T15 0.06 [-0.17, 0.29] 0.626
COI x Timepoint T20 0.02 [-0.22, 0.26] 0.854

ABC Irritability Subscale
COI x Timepoint T10 0.06 [-0.12, 0.24] 0.491
COI x Timepoint T15 0.23 [ 0.05, 0.42] 0.012
COI x Timepoint T20 0.21 [ 0.03, 0.39] 0.024

BRIEF Emotion Regulation Index
COI x Timepoint T10 0.08 [-0.10, 0.27] 0.358
COI x Timepoint T15 0.15 [-0.04, 0.33] 0.122
COI x Timepoint T20 0.20 [ 0.01, 0.39] 0.044

ERST Total Score
COI x Timepoint T10 -0.13 [-0.44, 0.17] 0.393
COI x Timepoint T15 -0.04 [-0.36, 0.29] 0.827
COI x Timepoint T20 0.05 [-0.20, 0.30] 0.705

Flexibility Scale total score
COI x Timepoint T10 0.12 [-0.08, 0.33] 0.234
COI x Timepoint T15 0.17 [-0.04, 0.38] 0.104
COI x Timepoint T20 0.13 [-0.07, 0.34] 0.205

Flexibility Scale Social Flexibility subscale
COI x Timepoint T10 0.05 [-0.15, 0.25] 0.616
COI x Timepoint T15 0.06 [-0.14, 0.26] 0.550
COI x Timepoint T20 0.02 [-0.19, 0.22] 0.882

Flexibility Scale Transitions/Change subscale
COI x Timepoint T10 0.07 [-0.15, 0.29] 0.526
COI x Timepoint T15 0.16 [-0.06, 0.39] 0.150
COI x Timepoint T20 -0.04 [-0.26, 0.19] 0.745

Bolded terms denote the dependent variable examined in the given
model. Indented terms denote each fixed effect interaction term for the
COI x Timepoint moderator of interest.

CI, 95% confidence interval.
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0.172), overall adaptive behaviors (F[1,49] = 0.091, p = 0.764),
number of sessions attended (F[1,61] = 0.219, p = 0.642), or overall
neighborhood opportunity (F[1,61] = 0.251, p = 0.619). The two
groups also did not significantly differ on nearly all baseline clini-
cal characteristics, including the EDI-R (F[1,61] = 1.621, p =
0.208), EDI-D (F[1,60] = 0.132, p = 0.718), ABC Irritability sub-
scale (F[1,60] = 3.409, p = 0.070), BRIEF Emotion Regulation
Index (F[1,60] = 2.390, p = 0.127), Flexibility Scale total score
(F[1,59] = 2.484, p = 0.120), Flexibility Scale Social Flexibility sub-
scale (F[1,61] = 0.150, p = 0.700), and Flexibility Scale Transitions/
Change subscale (F[1,61] = 3.477, p = 0.067). In keeping with
developmental expectations, the teen group showed significantly
greater emotional knowledge (mean score = 10.5 out of 14) on the
ERST at baseline relative to the child group (mean score = 9.2 out
of 14; F[1,60] = 4.770, p = 0.033).

The number of sessions attended was not significantly related to
neighborhood opportunity (F[1,59] = 0.121, p = 0.730),

Combining both pilot studies (i.e., modalities) and age groups,
the overall study sample was predominantly male (79.3%), white
(90.5%), non-Hispanic or Latino (90.5%), of average intelligence
(full-scale IQ mean = 97, SD = 19), and of below-average adaptive
functioning (Vineland-3 Adaptive Behavior Composite mean =
74, SD = 9). Participants attended the vast majority of the 10 treat-
ment sessions (sessions attended mean = 9.0, SD = 1.3). Participat-
ing families’ neighborhoods were skewed toward higher
opportunity areas (Fig. 2; M = 67; SD = 25; Range: 2–97).

Comparable efficacy between in-person/telehealth studies

and child/teen groups

Treatment effects were comparable across the in-person and tel-
ehealth studies for all measured outcomes, including the EDI-R
(R2 = 0.001, F[3,157.498] = 0.258, p = 0.855), EDI-D (R2 = 0.007,
F[3,160.116] = 1.360, p = 0.257), ABC Irritability subscale (R2 =
0.002, F[3,161.652] = 0.718, p = 0.542), BRIEF Emotion Regulation
Index (R2 = 0.001, F[3,158.910] = 0.377, p = 0.770), ERST (R2 =
0.003, F[1,115.688] = 0.907, p = 0.343), Flexibility Scale total score
(R2 = 0.006, F[3,163.033] = 1.223, p = 0.303), Flexibility Scale
Social Flexibility subscale (R2 = 0.006, F[3,166.387] = 1.529, p =
0.209), and Flexibility Scale Transitions/Change subscale (R2 =
0.008, F[3,165.402] = 1.526, p = 0.210).

Treatment effects also were comparable across the child and
teen groups for all measured outcomes except the ERST, including
the EDI-R (R2 = 0.007, F[4,109.747] = 0.671, p = 0.614), EDI-D
(R2 = 0.003, F[4,111.239] = 0.471, p = 0.757), ABC Irritability sub-
scale (R2 = 0.007, F[4,111.451] = 0.876, p = 0.481), BRIEF Emotion
Regulation Index (R2 = 0.002, F[4,111.353] = 0.197, p = 0.940), Flex-
ibility Scale total score (R2 = 0.003, F[4,111.713] = 0.539, p = 0.707),
Flexibility Scale Social Flexibility subscale (R2 = 0.007, F[4,113.621] =
0.273, p = 0.895), and Flexibility Scale Transitions/Change sub-
scale (R2 = 0.007, F[4,111.698] = 0.782, p = 0.539). For the ERST,
there was a significant moderating effect of age group on treat-
ment response (R2 = 0.056, F[4,94.788] = 3.081, p = 0.020). This
was driven by marginally larger gains at the 10-week follow-up in
the child group (Baseline vs. 10 week follow-up: mean difference =
3.0; t[182.8] = 8.007, p < 0.001) relative to the teen group who
had relatively stronger baseline emotional knowledge (Baseline vs.
10 week follow-up: mean difference = 2.1; t[180.9] = 5.539,
p < 0.001), despite comparable emotional knowledge at 10 week
follow-up in both groups (Child vs. Teen: mean difference = 0.473;
t[84.2] = 0.586, p = 0.994).

As treatment efficacy generally was comparable between the
two treatment modalities and age groups and the focus of our anal-
yses was on the moderating impact of neighborhood opportunity
(regardless of modality/age), these treatment conditions were com-
bined for subsequent analyses.

Baseline clinical characteristics are not related to

neighborhood-level resources

No baseline clinical characteristics (Table 2) were significantly
related to total neighborhood opportunity, including the EDI-R
(R2 = 0.019, F[1,59] = 1.142, p = 0.290), EDI-D (R2 = 0.015, F[1,58] =
0.893, p = 0.349), ABC Irritability subscale (R2 = 0.024, F[1,58] =
1.401, p = 0.241), BRIEF Emotion Regulation Index (R2 = 0.011,
F[1,58] = 0.617, p = 0.435), ERST (R2 < 0.001, F[1,58] = 0.012, p =
0.914), Flexibility Scale total score (R2 = 0.038, F[1,57] = 2.223,
p = 0.141), Flexibility Scale Social Flexibility subscale (R2 = 0.018,
F[1,59] = 1.067, p = 0.306), and Flexibility Scale Transitions/Change
subscale (R2 = 0.011, F[1,59] = 0.662, p = 0.419). In other words, par-
ticipants’ clinical severity at treatment onset did not vary as a func-
tion of neighborhood resources.

Treatment efficacy varies as a function of neighborhood-level

resources

After combining treatment modalities and age groups, we con-
tinued to detect strong treatment response across all outcome
measures (main effect of timepoint), including the EDI-R (R2 =
0.067, F[3,162.276] = 16.005, p < 0.001), EDI-D (R2 = 0.042,
F[3,164.689] = 8.321, p < 0.001), ABC Irritability subscale (R2 =
0.065, F[3,167.361] = 20.470, p < 0.001), BRIEF Emotion Regula-
tion Index (R2 = 0.096, F[3,161.734] = 1.557, p < 0.001), ERST
(R2 = 0.184, F[3,124.229] = 21.962, p < 0.001), Flexibility Scale total
score (R2 = 0.092, F[3,165.902] = 1.016, p < 0.001), Flexibility Scale
Social Flexibility subscale (R2 = 0.030, F[3,171.572] = 7.545, p <
0.001), and Flexibility Scale Transitions/Change subscale (R2 =
0.073, F[3,169.918] = 15.106, p < 0.001).

Treatment response, as measured by the EDI-R, was moderated
by the COI: specifically, improvements in the EDI-R after treat-
ment were stronger among youth living in neighborhoods with
fewer opportunities (Table 3; Fig. 3; R2 = 0.013, F[3,160.535] =
2.916, p = 0.036). At 10-week follow-up relative to baseline,

FIG. 2. Sample distribution of neighborhood opportunities
for the total COI ranking. The dashed green line denotes the
sample mean.
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participants in the sample’s bottom quartile of COI (COI = 44)
improved an average of 0.86 on the EDI-R (theta), moving from
an average theta score of 0.333 at baseline (clinically elevated rela-
tive to a comparison sample of youth with ASD) to an average
theta score of -0.529 at 10-week follow-up (below the clinically
elevated cutoff of -0.311). Comparatively, participants in the
upper COI quartile (COI = 86) improved an average of 0.44 on the
EDI-R (theta), moving from an average theta score of 0.134 at
baseline (clinically elevated) to an average theta score of -0.309 at
10-week follow-up (marginally clinically elevated).

Similarly, treatment response, as measured by the ABC Irrita-
bility subscale, was moderated by the COI: specifically, improve-
ments on the ABC Irritability subscale after treatment were
stronger among youth living in neighborhoods with fewer opportu-
nities (Table 3; Fig. 4; R2 = 0.010, F[3,164.451] = 3.040, p = 0.031).
At 10 week follow-up relative to baseline, participants in the sam-
ple’s bottom quartile of COI (COI = 44) improved an average of
7.62 on the ABC Irritability subscale, moving from an average
score of 18.2 at baseline (above the average score of 12.6 for

autistic individuals with IQ > 70 in a large national sample) (Kaat
et al., 2014) to an average score of 10.4 at 10 week follow-up.
Comparatively, participants in the upper COI quartile (COI = 86)
improved an average of 4.71 on the ABC Irritability subscale,
moving from an average score of 15.7 at baseline to an average
score of 10.8 at 10-week follow-up.

For all other outcome measures (EDI-D, BRIEF, ERST, Flexi-
bility Scale), treatment response was not moderated by neighbor-
hood opportunity (Table 3). Specifically, treatment response was
not moderated by neighborhood opportunity for the EDI-D (R2 =
0.001, F[3,162.949] = 0.284, p = 0.837), BRIEF ERI (R2 = 0.006,
F[3,161.733] = 1.557, p = 0.202), ERST (R2 = 0.005, F[3,123.540] =
0.438, p = 0.726), Flexibility Scale total score (R2 = 0.005,
F[3,165.902] = 1.016, p = 0.387), Flexibility Scale Social Flexibility
score (R2 = 0.001, F[3,169.324] = 0.160, p = 0.923), and Flexibility
Scale Transitions/Change score (R2 = 0.006, F[3,168.110] = 1.173,
p = 0.322).

Discussion

In this exploratory study, we found that neighborhood-level
SDOH moderate the effect of RT, a group therapy for ED in autistic
youth. Specifically, we demonstrate that long-term treatment-
related reductions in irritability and emotional reactivity are strong-
est among autistic youth living in lower opportunity neighbor-
hoods. Neighborhood opportunities were not associated with any
ED outcomes at baseline, suggesting that our finding of an ampli-
fied treatment response among these families is not driven by over-
all elevated clinical severity (i.e., this effect is not due to having
“more room to improve”). Our findings highlight the benefits of
behavioral treatment of ED attainable by autistic youth and their
families, even when living in neighborhoods with fewer resources,
so long as they have sustained access to clinical services.

Stronger treatment responses among autistic youth living in
lower-resourced neighborhoods

Contrasting previous studies (Brown et al., 2024; Roy et al.,
2014; Kohen et al., 2008), we did not identify a significant associa-
tion between neighborhood opportunity and ED. Previously
reported associations are modest in autistic youth: for example,
Brown and colleagues found that family characteristics (caregiver
education, household income) accounted for 0.6% and 1.8% of the
variance in verbal and physical aggression, respectively, in a large
sample of autistic youth (Brown et al., 2024). Our study may not
have been sufficiently powered to detect this small effect.

Given the associations between neighborhood disadvantage and
greater ED (Brown et al., 2024; Roy et al., 2014; Kohen et al.,
2008), others have hypothesized that youth living in lower-
opportunity neighborhoods may be less likely to benefit from treat-
ment. Hypothesized mechanisms for a blunted treatment response
center on the negative effects of stress on cognitive and affective
processes critical to the use of CBT strategies that are core to
many therapies for ED (Antonacci et al., 2025; Milojevich et al.,
2020; Sheridan et al., 2017). Further, family access to and trust in
mental health care systems and providers are often lower in margi-
nalized families, especially those who are racially or ethnically
minoritized (Castro-Ramirez et al., 2021; Progovac et al., 2020).
Reduced trust in providers may, in turn, limit the positive effects
of treatment. However, consistent with several previous studies
(Mennis et al., 2022; Mennis et al., 2024; Davis et al., 2018), we
found that the strongest responders in our RT clinical trials were

FIG. 3. Neighborhood opportunity (total COI) moderates
treatment response, as measured by the EDI reactivity (EDI-R)
subscale. Treatment response (10 weeks post-treatment vs.
baseline) was stronger in youth living in neighborhoods with
lower levels of opportunity.

FIG. 4. Neighborhood opportunity (total COI) moderates
treatment response, as measured by the ABC Irritability sub-
scale. Treatment response (10 weeks post-treatment vs. base-
line) was stronger in youth living in neighborhoods with lower
levels of opportunity.
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youth living in neighborhoods with fewer resources. This ampli-
fied treatment response was observed across measures of child irri-
tability (ABC) and emotional reactivity (EDI-R), the latter of
which is our primary outcome measure for two ongoing trials of
RT. This amplified response may represent statistical regression to
the mean selectively occurring among youth living in lower-
opportunity neighborhoods, although we believe this is unlikely
given the limited associations between neighborhood opportunity
and baseline clinical severity.

Although the mechanisms underlying this amplified treatment
response warrant further investigation, we tentatively propose two
contributing factors. Both factors are speculative, as expected
given the hypothesis-generating nature of our study, and require
validation with data not available in the present study. First, fami-
lies living in lower-opportunity neighborhoods may have faced
significant barriers to accessing behavioral therapies in the past,
such as limited proximity to service providers, inadequate insur-
ance coverage, or high out-of-pocket costs. This aligns with prior
research showing that economically disadvantaged families are less
likely to be able to access needed mental health care (Kataoka
et al., 2002; Yang et al., 2019). Similarly, students attending
schools in high-poverty areas are less likely to receive school-based
mental health services (Moore et al., 2024). Together, these studies
suggest much of our therapy’s content was likely novel to these
families compared to those living in higher opportunity neighbor-
hoods. All treatments in our studies were provided at no cost to
families within this research setting, which may have allowed for
more equitable access to care. Thus, our findings may not reflect an
intrinsically enhanced response to treatment, but perhaps reflect the
benefits of finally receiving accessible and effective care.

In contrast, participating families from higher-opportunity
neighborhoods likely had greater historical access to outpatient
and school-based mental health services. Consequently, the RT
program may have offered less new content for these families,
potentially leading to a more modest treatment effect due to over-
lap with previous therapies. One might expect that youth with pre-
vious therapy exposure, enabled by greater family and
neighborhood resources, would present with lower baseline clini-
cal severity. Given the null association between neighborhood
opportunity and baseline severity in our sample, this may reflect a
sampling difference. Specifically, families from higher-
opportunity neighborhoods still experiencing ED difficulties
despite hypothesized greater historical service access may repre-
sent a more treatment-resistant group. Although they still experi-
enced significant benefits from RT, these gains were more modest
relative to families from lower-opportunity neighborhoods. Addi-
tionally, we argue this pattern underscores the importance of care-
giver involvement in RT. Although we did not measure caregiver
self-efficacy or prior knowledge, we hypothesize that caregivers in
lower-opportunity neighborhoods, who have had fewer chances to
access mental health services historically, may acquire more new
skills and strategies during RT. The caregiver component of RT is
critical to its success as caregivers learn the same materials as their
children and support continued practice at home and long-term
skill generalization. Testing this hypothesis via quantification of
past mental health service utilization is challenging due to reliance
on self-report data, the accuracy of which varies based on recall
time frame, utilization frequency, and type of utilization (Bhandari
and Wagner, 2006). We are interested in studies leveraging mea-
surement strategies such as linking self-report data to electronic
medical record data or insurance claims data to more accurately

capture outpatient service utilization, allowing us to formally test
this hypothesis (Garcia et al., 2023).

Second, this finding may be driven by unique or amplified
treatment-related reductions in caregiver stress among families living
in neighborhoods with fewer resources. The Family Stress Model
provides a framework explaining this mechanism, theorizing that
economic disadvantage drives increased family stress and subsequent
implementation of ineffective or harsh parenting practices linked to
disruptive child behaviors (Conger et al., 2010). Parent training, by
increasing caregiver self-efficacy, may reduce caregiver stress and
ultimately enable improved positive parenting practices (Jackson and
Huang, 2000). Indeed, reduced caregiver stress and increased self-
efficacy are among the most consistent positive findings in studies of
parent management training, a core component of the RT caregiver
curriculum (Colalillo and Johnston, 2016; Singer et al., 2007). Con-
sistent with this, families participating in RT have provided qualita-
tive data suggesting improved self-efficacy may be a key treatment
mechanism (Jones et al., 2022; Ruberg et al., 2025; Kang et al.,
2026). Thus, families living in lower-opportunity neighborhoods
completing RT may disproportionately experience a secondary bene-
fit of reduced caregiver stress and more sizeable differences in care-
giving practices and child behavior. Our finding that the moderating
impact of the COI is stronger at later follow-up timepoints (Table 3)
may reflect the importance of sustained practice for long-term
improvements in caregiver stress and subsequent improvements in
child behavior. Our findings are also consistent with studies of
behavioral parent training that have found stronger treatment
responses among families with fewer economic resources (MacKen-
zie et al., 2004)—although it is important to note that the COI cap-
tures health and education resources in addition to economic
resources. Notably, treatment-related improvements in dysphoria,
emotional knowledge, and executive components of ED (e.g., cogni-
tive flexibility) did not vary as a function of neighborhood opportu-
nity. This may reflect the limited statistical power of our relatively
small convenience sample and Type II error. One other plausible
mechanism is that reactivity and irritability are more overtly distress-
ing components of ED relative to internal, cognitively mediated out-
comes like emotional knowledge and cognitive flexibility. We will
soon be able to test these hypotheses as we have incorporated meas-
ures of caregiver stress and self-efficacy in our ongoing studies of
RT that were not collected as part of these original pilot studies
(McKinney et al., 2025; Abidin, 2012; Kurzrok et al., 2021).

Limitations and future directions

Several limitations of this preliminary study inform directions
for future clinical research. First, by interpreting the COI at the
family level, we assume that neighborhood-level resources trans-
late to the resources of individual families living in those neigh-
borhoods. Although our findings are consistent with similar
analyses using individual family-level income (MacKenzie et al.,
2004), we still hope to formally examine family-level SDOH (e.g.,
household income, caregiver education) in follow-up analyses to
determine if treatment responses remain amplified in disadvan-
taged families. Similarly, we hope to examine more nuanced
neighborhood characteristics by leveraging the COI subscales (i.e.,
economic, education, health/environment) in larger, well-powered
samples from our ongoing studies of RT. Second, we did not have
access to families’ historical addresses, and so we relied on fami-
lies’ concurrent addresses at the time of treatment when extracting
the COI rankings. Neighborhood effects on family stress and child
allostatic load, which are linked to poorer emotion regulation
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skills, are likely cumulative (Milojevich et al., 2020; Theall et al.,
2012), and future studies should consider capturing this cumulative
effect by assessing historical exposure to adverse SDOH. Third, as
seen in Table 1 and Figure 2, these studies reflect predominantly
white, non-Hispanic samples and were skewed towards participants
living in higher opportunity neighborhoods. This inherently limits
the generalizability of these findings. It is possible that this pattern of
an amplified treatment response in participants living in lower-
opportunity neighborhoods may not hold in a more diverse sample
or a sample with stronger representation of youth representing the
lowest COI quartile. Our ongoing, larger efficacy trials of RT are
implementing strategies to better recruit, engage, and retain racially
and ethnically diverse families, such as study-sponsored community
events, as well as socioeconomically disadvantaged families, such as
transportation subsidies and provision of childcare for siblings
(Florez et al., 2024). Fourth, we only examined the moderating effect
of the total COI score, not the COI domains (i.e., economic, health
care, and education domains). This decision was made due to the
exploratory nature of this study and to reduce the number of repeated
analyses, limiting the risk for Type I errors. Future studies can build
on these findings by examining whether more nuanced neighborhood
characteristics, such as proximity to health care providers or educa-
tional factors, moderate treatment response. Last, and relatedly, we
did not correct for multiple comparisons for this exploratory,
hypothesis-generating study, and thus there is increased risk for
Type I error. The present results should be treated as preliminary
until verified in a larger, secondary analysis which we hope to con-
duct following the completion of both ongoing clinical trials of RT.
This is especially important as there is not a mechanism testable with
the present data that fully explains the select moderating effects (i.e.,
COI moderating the EDI-R and ABC only).

Conclusions

In this secondary analysis of our previously published clinical
trials, we demonstrate that the families who respond most strongly
to the RT intervention are families living in neighborhoods with
fewer resources. Follow-up studies are needed to clarify the driv-
ing force behind this pattern, which may be due to group differen-
ces in historical service access and caregiver stress.

Clinical Significance

Long-term, these studies may help optimize treatment gains by
identifying characteristics of treatment responders. Leveraging
these insights is key to equitably implementing interventions in
ways that maximize their impact for all families.
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